Phenolic compounds have a fundamental importance in the nutritional and sensorial characteristics of olive. In this study phenolic compounds extracted from olive fruit stones of three Moroccan registered cultivars were analyzed. The obtained results showed that the total amount of phenolic compounds varied according to the olive variety. The stones of the Moroccan Picholine variety were the richest in total phenolic compounds (11,32 mg of gallic acid equivalent (GAE)/g of dry weight (DW)) followed by Haouzia (4,55 mg GAE/g DW) and Menara (3,56 mg GAE/g DW). The qualitative analysis showed that the analyzed extracts were predominated by nuzhenide and its derivatives. Thus nuzhenide was observed among the major compound in the three studied cultivars. Its mono, di and tri 11-methyl oleoside adducts were also detected. Various compounds with the same molecular weight values and corresponding to nuzhenide or its derivatives were detected indicating the presence of various isomers.
INTRODUCTION
The olive tree (Olea europaea) belongs to the genus Olea of the Oleaceae family. Several species within the family provide commercial products such as food, lumber, cosmetics, and medicinal products. In the olive fruit, a wide range of phenolic structures has been reported including simple phenolic acids such as coumaric acid derivatives , phenolic glucosides, phenolic oleosides and flavonoids (Ragazzi et al. 1973 , Vazquez et al. 1974 , Vlahov 1992 . Olive seeds and husks contain relatively few phenolic species, but encompass simple phenolics including tyrosol and caffeic acid, in conjunction with flavonoids and secoiridoids (Maestro-Durán et al. 1994 , Servili et al. 1999 . The olive stones and seeds are an important byproduct generated in the olive oil extraction and pitted table olive industries. A recent study has shown the possibility to use olive stones in particle board panels (El Bir et al. 2012) . As a lignocellulosic material, the hemicellulose, cellulose and lignin are the main components of olive stone as well as protein, fat, free sugars and polyols (Fernández-Bolãnos et al. 1999 , Fernández-Bolãnos et al. 2001 , Rodríguez et al. 2008 , Román et al. 2008 .
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Phenolic compounds have also been identified in olive fruits and olive by-products (Montedoro et al. 1993, Shahidi and Naczk 2004) . Olive oil contains 2% of the total phenolic content of whole olive fruits, while the remaining 98% is present in olive mill waste (Rodis et al. 2002) . Olive fruits are considered as a rich source of phenolic compounds with a wide array of biological activities (Obied et al. 2005) .
The phenolic compounds in olives are recognized as potentially bioactive products and may have antioxidant and therapeutic properties that produce anti-cancer, anti-viral, anti-inflammatory, hypolipidaemic and hypoglycaemic effects (Obied et al. 2005) . To date, three aspects of antioxidant activity have been evaluated in olive cakes; antioxidant potency (Ranalli et al. 2003, Shahidi and Naczk 2004) , anti-radical activities and radical scavenging activities (Lesage-Meessen et al. 2001, Shahidi and Naczk 2004) . However, little information has been reported on the recovery of phenolic compounds from olive cake as a potential source of bioactive compounds for the pharmaceutical and nutraceutical industries (Rodis et al. 2002) .
The phenolic content of olive pulp has been studied more extensively than any other olive plant tissue and has been thoroughly reviewed (Ryan et al. 1999, Ryan and Robards 1998) . The main phenolic compounds in olive fruit are oleuropein and ligstroside, two glucosides of elenolic acid with 2-(3,4-dihydroxyphenyl) ethanol (hydroxytyrosol) and 2-(4-hydroxyphenyl) ethanol (tyrosol), respectively. Servili characterized maturation-induced changes in the phenolic content of the complete olive fruit, encompassing peel, pulp, and seeds in three different olive cultivars (Servili et al. 1999) . Nuzhenide was detected in the olive seeds of all different varieties and at all stages of maturation. Luteolin glucoside and rutin were detected only in olive peel, whereas verbascoside, oleuropein, and demethyloleuropein were found in all three olive matrices. The concentration of the latter two phenolics was greatest in olive pulp. Similarly, Rovellini et al. 1997 , have analysed the flavonoid composition of fruit, husks, and leaves plus olive oil.
The amount and type of phenolic compounds in olive depend obviously on the cultivar and maturity of the fruit, climatic conditions, storage time and processing technique (Fiorentino et al. 2003) . There are many different procedures for analyzing phenolic substances, but few are used in olive analysis except for anthocyanin or color measures. HPLC methods that give specific information on individual substances are becoming more common as the significance of particular phenolic substances becomes better understood.
In Morocco, olive tree is of great interest and is cultivated in many parts of the country. The production of olive fruits is around 770000 tons and the cultivated areas are around 550000 hectares. Oil production amounted to 95300 tons corresponding to 3,3 % of the oil world production. While some studies have been made on the phytochemical composition of Moroccan varieties olive oil, to the best of our knowledge, there is no report on the phytochemical olive stones from cultivars growing in Morocco. This work was carried out on three olive stones varieties (Picholine, Haouzia and Menara). The main objectives of this study were the extraction of phenolic compounds, their quantification and the identification of the major phenolic compounds through the use of LC-MS analysis technique.
MATERIALS AND METHODS

Plant materials
The study was conducted on three olive fruits varieties; Picholine, Menara and Haouzia. The studied samples were from Beni Mellal (Picholine) and Marrakech (Menara and Haouzia) regions. The olive fruits were harvested during 2010. For each variety, a representative sample of 2 kg of olive fruits has been taken.
Samples Preparations
For each variety, the harvested olive fruits (2 kg) were boiled in water for 8 minutes, and pulped by manual crushing. The obtained olive stones were then air dried on paper towels during 2 to 4 days. After drying, they were reduced to a fine powder using a knife mill "Retsch SK1" prior to extraction and analysis.
Extraction conditions
Phenolic compounds were extracted through solid-liquid extraction using a Soxhlet apparatus. Olive stone powder (60 g) was first extracted with hexane (5 hours) to remove lipids and then with acetone (5 hours) and with ethanol (5 hours).
Ultrasound extraction technique was used for polyphenols extraction using a Jeulin ultrasonic water bath (Jeulin, Evreux Cedex, France). In this case, dried olive matter (0,25 g of stone) was extracted with methanol/water (50:50 v/v; 5 mL) using an Ultra sound apparatus. The solution was left to stand for 10 min at ambient temperature and filtered and then stored in a refrigerator until quantitative analysis and HPLC-DAD and ESI-MS analysis.
Estimation of Total Phenols
Total phenolic compounds content in each extract was determined using the Folin-Ciocalteu method (Singleton and Rossi 1965) . A 2,5 ml portion of Folin-Ciocalteu reagent and 2 ml of a sodium carbonate solution (75 g/l) were added to 0,5 ml of each extract. The assay tubes were kept 5 min in a water bath at 50°C and then transferred to cold water. The mixture was centrifuged and the absorbance was measured at 760 nm using a Jasco V-360 spectrophotometer (Jasco, Tokyo, Japan). Contents of total phenolic compounds were expressed as gallic acid equivalents in milligrams per gram dry weight (mg GAE/g, DW). A calibration curve with equation: y = 0,0021x + 0,0015 (r 2 = 0,99) was constructed using gallic acid solutions within the range 10-100 mg/l. The results were averages of triplicate analyses.
HPLC-DAD-MS Analysis
The phenolic compounds were analyzed on a HPLC-MS system consisting of a quaternary solvent delivery pump (Surveyor MS, Thermo-Finnigan, USA) connected to a diode array detector (Surveyor PDA plus, Thermo-Finnigan, USA) and a LCQ Advantage MAX ion trap mass spectrometer (Thermo Scientific, Bremen, Germany), equipped with an atmospheric pressure ionization interface and operated in ESI negative and positive ion modes. The LC separation was conducted on a C18 LichroCART (250 mm × 4,6 mm) column (Merck, Germany). Separation was achieved using solvent A (H 2 O/CH 3 COOH: 99/1) and solvent B (MeOH/CH 3 CN/CH 3 COOH: 89,5/9,5/1). The used elution gradient (1 ml/min flow rate) started from 10 % to 30 % B in 10 min, isocratic during 5 min, from 30 to 40 % B in 10 min, then to 50 % B in 15 min, from 50 to 70 % B in 10 min and to 100 % B in 10 min following by a washing and re-equilibrating of the colum. For the mass spectrometer, the spray voltage was 5 kV, and the temperature of the heated capillary was set to 300 °C. The flow rates for sheath gas, auxiliary gas and sweep gas were set to 40, 10 and 10 arbitrary units min -1 , respectively. The capillary voltage was 36 V, the split lens was -44 V, and the front lens was -3,25 V. The obtained results were processed using the XCALIBUR software program.
RESULTS AND DISCUSSION
Extraction and quantitative analysis of total phenolic compounds in olive stones After solid liquid extraction, the levels of total phenolic compounds were measured by FolinCiocalteu method using gallic acid as standard. The obtained results (Table 1) showed that the total phenolic compounds contents in the olive stones of the three studied varieties were 11,32 mg GAE/g (Picholine variety); 4,55 mg GAE/g (Haouzia variety) and 3,56 mg GAE/g (Menara variety). The results showed thus that Picholine variety produces olive with the highest amounts of phenolic compounds, while Menara was the poorest one. Table 1 . Polyphenol contents of the studied olive stones varieties (in g GAE/g DM).
Comparison between the classical extraction technique achieved through soxhlet apparatus and that assisted by ultrasound, the obtained results showed that the total phenolic compounds obtained through the two techniques are slightly similar with the difference that the second method was used during few minutes compared to the first one where hours are necessary for the extraction of the same amount of phenolic compounds.
The literature reports a content of total phenolic compounds in olive stones around 1 mg/g which differs from the data reported in this study (Heredia et al. 1987 , Ghanbari et al. 2012 . The observed differences could obviously be attributed to the type of the cultivar, geographical origin of the fruits, degree of maturity and the storage conditions but could also be due to the extraction protocols and analytic assays.
As indicated above, the olive stones constitute one of the byproducts in table olive oil industry. The obtained results showed that, in addition to their indicated above uses, olive stones could be considered as an important source of bioactive phenolic compounds. In light of the obtained results, it would seem possible to use table olive stones as a source of natural antioxidants in foods, cosmetics or pharmaceutical products, thus contributing to diminishing the environmental impact of table olive by-product and to its revalorization.
Analysis and characterization of olive stone phenolic compounds
After quantitative analysis, the three studied olive stone samples (Picholine, Haouzia and Menara) were analyzed by HPLC coupled to both diode array and mass spectrometry detectors. The latter was used with electrospray ionization source in both negative and positive ion modes. ESI LC-MS analysis was performed using cone voltage providing useful additional fragmentation data.
A representative UV and total ion current (TIC) chromatograms are shown in Figure 1 . The similarity between the total ion chromatogram (TIC) obtained and its UV analogue indicated that the detected compounds in the stone extracts are ionizable in the experimental used conditions. The HPLC separation profile revealed a high complexity in the stone phenolic composition as demonstrated by the presence of various chromatographic peaks. The structures of the tentatively identified compounds representing the major detected peaks and summarizing the obtained data for each of the detected chromatographic peak are discussed below. Compounds identification was based on retention data and ESI mass spectra and by comparison with literature data (Servili et al. 1999 , Silva 2006 , Duran et al. 1994 , Luaces et al. 2007 , Owen et al. 2003 , Silva et al. 2010 , Cardoso et al. 2005 , Angelino et al. 2011 , Rodriguez et al. 2008 , Rodriguez et al. 2008 , Obied et al. 2007 , Lozano-Sanchez et al. 2011 . The identification of the detected compounds was based on the search of the main molecular ions detected in the both used polarities and also on some of the useful observed fragmentations. ESI LC-MS was performed using cone voltages, in both positive and negative ion modes, with the higher cone voltage providing additional fragmentation data. Compounds with a presence listed as tentative in table 2 were restricted to those instances in which both [M + H] + and [M -H] _ ions were detected in positive and negative ion ESI, respectively. Among the observed peaks, some were too small to allow structural analyses. The presence of several adducts was observed: acetate in negative ionization mode, due to the presence of acetic acid in the mobile phase, and sodium adducts in positive ion mode. When the analysis was performed in the positive ion mode, the protonated ion signal was observed with a weak intensity at m/z 687, while the most intense peak signal in the obtained mass spectrum was observed at m/z 709 corresponding to the sodiated adduct of [M+Na] + of nuzhenide. These data confirmed thus that this compound correspond to nuzhenide which has already been identified in Olea europaea seeds (Servili et al. 1999 ).
Compound 5 which eluted at 26,73 min showed mass spectrum similar to that of compound 4 suggesting that it was an isomer of nuzhenide. The presence of this compound at several retention times with the same pattern fragmentation has already been reported in olive fruits. This was also observed in the literature for Ligustrum lucidum (He et al. 2001) and Syringa reticulate (Koichi et al. 2002) . Compound 8 eluted at 31,75 min was identified as nuzhenide 11-methyl oleoside. Indeed the obtained results showed that this compound has a more 386 mass units than nuzhenide corresponding to an addition of one unit of 11-methyl oleoside to the latter molecule. This compound was detected in negative and positive modes. Since it has a molecular mass of 1072 the deprotonated ion [M-H] -in the mass spectrum in negative mode was observed at m/z 1071 and the acetate adduct was also observed at m/z 1131. Other fragment signals were observed at m/z 685, 523 corresponding to the loss of the 11-methyl oleoside unit yielding the deprotonated nuzhenide fragment while the further loss of the glucose moiety yields the fragment detected at m/z 523.
The positive ionization mode enabled the detection of the ion m/z 1095, corresponding to the sodium adduct of the compound. The fragment corresponding to the loss of the 11-methyl oleoside unit was also observed at m/z 709 corresponding to the sodiated nuzhenide fragment. Nuzhenide oleoside was identified by Maestro-Durán in olive seeds (Durán et al. 1994 ).
Nuzhenide and nuzhenide 11-methyl oleoside were detected in samples and represent compounds that have already been identified in Olea europaea L. seeds.
Compound 14 which eluted at 39 min showed MS spectra similar to that of compound 8. The detection of nuzhenide 11-methyl oleoside at different retention times indicated the presence of isomers.
The MS spectrum of compound 16 eluted at 43,74 min. showed a signal at m/z located at 1457 in the negative ion mode showing a 386 amu compared to compounds 8 and 14 which is in agreement with an additional 11-methyl oleoside unit. This compound was thus concluded to be the deprotonated ion of nuzhenide di (11-methyl oleoside) compound. The corresponding sodiated adduct was observed at m/z 1481 in the positive ion mode which was observed as the parent ion. Among the observed fragment, that obtained through successive loss of two methyloleoside units giving a nuzhenide fragment at m/z 685 in the negative ion mode.
The MS spectrum of compound 17 eluted at 45,50 min. showed a signal at m/z located at 1843 in the negative ion mode. This corresponds to the deprotonated ion of nuzhenide tri (11-methyl oleoside) compound. Other fragments were observed at 1071 and 1131 corresponding respectively to the deprotonated and the acetate adducts of the ion obtained through the successive loss of two methyl oleoside units.
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The MS spectrum of this compound obtained in the positive ion mode was characterized by the presence of a signal at m/z 1867 corresponding to the sodiated product ion of nuzhenide tri (11-methyl oleoside) molecule. Among the observed fragments, the ion obtained through the loss of two methyl oleoside units yielding an ion fragment located at m/z 1095.
The compound 2 that eluted at 11,03 min showed an intense ion at m/z 403 corresponding to a molecular weight of 404. This was confirmed by the presence of signals at m/z 463 and 807 corresponding respectively to the ions [M+ CH 3 COOH-H] -and [2M-H] -. A fragment corresponding to the loss of a glucoside moiety was observed at m/z 241. The observed data are characteristic of the product described in literature for 11-methyloleoside (elenolic acid glucoside), a degradation product of oleuropein which accumulates during ripening. This compound has been already identified in olives (Cardoso et al. 2005 , Ryan et al. 1999 , Ryan et al. 2002 , such as in other species belonging to the Oleaceae family (SolerRivas et al. 2000) .
The compound 1 was eluted at 9,12 min presents a mass spectrum with a peak signal at m/z 565 corresponding to its deprotonated molecular ion. This was confirmed by the presence of a signal at m/z 625 corresponding to -ion. This is in favor of a product with a molecular weight of 566 which presents an additional hexose moiety compared to elenolic acid glucoside which was eluted at 11,03 min.
In addition to the products described above which appeared as major compounds in the obtained chromatographic profiles, other minor products were also observed. This is the case of ligstroside (compound 9) eluting at 33,03 min. and showing a MS spectrum with a signal at m/z 523 in the negative ion mode corresponding to the deprotonated ion. Another compound 3 was eluted at 15,5 min. Its mass spectrum showed a peak signal at m/z 417 corresponding to that of oleoside dimethyl ester. A neutral loss of 162 amu was observed giving a peak signal at m/z 255 corresponding to the loss of the hexose moiety.
The results obtained above showed that olive fruit stones contain a variety of phenolic compounds that are potent antioxidants. The positive effect of olives and olive-derived products consumption on human health is well documented by a large number of epidemiological studies (Owen et al. 2000 , Visioli et al. 2000 . The presence of various phenolic compounds in olive stones open new perspectives for their important role in the chemical, organoleptic and nutritional properties of the virgin olive oil and the table olives. Indeed olive stones could be used within olive oil industry to enhance the phenolic composition of olive oils (Patumi et al. 2003) .
The obtained results showed that the whole olive stone is a rich source of bioactive compounds. These potentially valuable compounds were nuzhenide and its mono, di and tri-oleoside derivatives. Other minor compounds such as salidroside, ligstroside, elenolic acid glucosides, oleoside dimethyl ester were also detected. Other compounds such as flavonoid derivatives, already identified in Olea europaea stones, were not detected in the three varieties analyzed. The observed differences could obviously be attributed to the type of the variety or the plant environment such as geographical origin of the fruits, degree of maturity and the storage conditions but could also be due to the extraction and analysis used procedures.
Proportion of phenolic compounds
The phenolic compounds tentatively identified above were analyzed in the stone extracts of the three studied olive varieties. The chromatographic profiles obtained for the extracts of olive stones of three olive tree cultivars were compared and the obtained results are summarized in table 3. The phenolic extracts from the three studied varieties displayed similar qualitative profiles and differed in their proportion as demonstrated by the differences observed in the area of peaks with the same retention time. Table 3 . Proportion of phenolic compounds of the extracts obtained from the three studied olive fruits stones cultivars (results are given in %).
The stone extract of the picholine variety showed, significantly, the highest values for the all detected compounds and the Haouzia variety presented lower values. The chemical compositions of the three studied varieties were dominated by nuzhenide and its 11-methyl oleoside derivatives. The total percentage of these compounds were 23,05 (Haouzia); 38,65 (Menara) and 48,32 (Picholine).
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Thus, the major compound in the stone extract of the picholine variety was nuzhenide (19,45 %) followed by one of its 11-methyl oleoside (17,84 %). The total nuzhenide derivatives were 27,64 % (mono oleoside); 12,63 (di oleoside) and 4,5 (tri oleoside).
The chromatographic profile of the stone extract of Menara variety was similar to that of Picholine with the difference that the mono oleoside derivative was the major compound (12,71 %) followed by nuzhenide (10,01 %). The total nuzhenide derivatives were 27,32 % (mono oleoside); 10,38 (di oleoside) and 4,11 (tri oleoside).
In the case of the stone extracted from Haouzia variety, many compounds with small peaks area were observed from which some were unidentified derivatives. Nuzhenide was present with only 6,02 % while its mono oleoside derivatives were the major compounds (17,03 %). The di and tri oleoside nuzhenide derivatives were observed with 5,29 and 0,93 % respectively. The total peak area (42,35%) of the identified compounds of this variety extract is relatively small compared to that of Menara (63,36 %) and Picholine (71,28 %) varieties. This showed that Haouzia variety contains other unknown compounds with a small proportions compared to the two other varieties, The data obtained that the phenolic compositions of the olive fruit stones were predominated by nuzhenide and its derivatives. High levels of nuzhenide derivatives were indeed detected in the seed extracts of the three cultivars analysed. These data confirmed the previously reported data indicating that nuzhenide is located mainly in olive seed (Servili et al. 1999) .
